It has been shown that neutrino masses can be determined under the particle ansatz. In this paper, we give the general formulas of neutrino masses related to the neutrino oscillation parameters which show that there is a mass hierarchy transition. Using the best fit values measured by electron and muon neutrino oscillation experiments, the total neutrino mass is about 0.25 eV.
2
ji . However, the so called "particle" ansatz assumes that in the rest frame of a flavor neutrino ν α all momentums of its mass eigenstates |ν i are simultaneously zero [2] . Under the particle ansatz, the phase difference ∆φ ji is mass measurable which is
where L is the distance and ∆m 2 αji = 2m να (m j − m i ). In this paper, we give the general formulas of the neutrino masses related to the neutrino oscillation parameters, and estimate the total mass and the neutrino energy density of the Universe.
In the case of 3-neutrino mixing U αi is the element of the PMNS matrix U = [U αi ] with three mixing angles θ 12 , θ 23 and θ 13 and Dirac phase δ. The PMNS matrix can be written as 
where c ij = cos θ ij and s ij = sin θ ij . m να and m i have the relationship as
There are five independent conditions for U 2 αi which are
Therefore, there are only four independent elements in the matrix U 2 = [U 2 αi ]. In this paper, U 2 e1 , U 2 µ1 , U 2 e2 and U 2 µ2 are chosen.
The total neutrino mass M satisfies
If the coefficients k = m νe /M and = m νµ /m νe are introduced, the masses of flavor neutrinos can be written as
where 0 < k < 1, 0 < k < 1 and 0 < 1 − k − k < 1. For neutrino experiments a traditional mass square term in the PhD under the "same energy" or "same momentum"
ansatz can be transformed to its corresponding mmPhD which are listed in Table I 
TABLE I. The correspondence of mass square differences between the "same energy" ansatz (or "same momentum" ansatz) and the "particle ansatz".
Probability
Mass square term in the Mass square term in "same energy" ansatz or the particle ansatz "same momentum" ansatz
It is easy to show that if = 1, k = 1/3 and then M → ∞. Thus the masses of three flavor neutrinos ν α can not be all the same. η is defined as the ratio of ∆m 2 e21 and ∆m 2 µ32 which is
where
Combining the results of mixing angles and mass square differences, k and M can be 12) and Eq. (13), hierarchy (IH) [4] . Recently, NOνA made a precise measurement of ν µ disappearance and gave ∆m 2 32 = (+2.67 ± 0.11) × 10 −3 eV 2 for NH, and ∆m 2 32 = (−2.72 ± 0.11) × 10 −3 eV 2 for IH [5] . Based on the parameters derived under the "same energy" or "same momentum"
ansatz, the center values of corresponding parameters under particle ansatz are listed in Table II . There are two sets of parameters due to the mass hierarchy under the "same energy" or "same momentum" ansatz which are distinguished using label (I) and (II) under particle ansatz. In addition, and η can be obtained and results are listed in table II. With θ 12 , θ 13 , and η in Table II The latest T2K results show that sin 2 θ 23 = 0.532 and δ = −1.791 for NH [7] . Combining the knowledge of θ 23 and δ with parameter set (I), the absolute neutrino masses can be estimated and shown in Table III . According to the standard neutrino cosmology, the ratio of neutrinos to photons is 3/11. Therefore, the contribution to the total energy density of the Universe from neutrinos is given by ρ ν = m tot n ν = m tot (3/11)n γ , where n γ = 412 cm −3 ,
for neutrinos with Dirac masses and g ν = 2 for Majorana 
